ABSTRACT -The objective of this research was to compare the magnitude of genetic parameters (coefficients of heritability and genetic correlation) as estimated by the Restricted Maximum Likelihood (REML) method and Bayesian Inference, and to estimate the genetic and phenotypic trends to the traits height at the withers (HW24) and weight at 24 months of age (W24). The average heritability estimated by Bayesian Inference to HW24 was 0.47, and it was lower than that obtained by REML bi-trait analysis (0.52); however, the value estimated to W24 (0.39) was higher than that obtained by REML bi-trait analysis (0.38). The genetic correlation estimate between W24 and HW24 traits obtained by the REML method (0.66) was lower than that obtained by the Bayesian Inference Method (0.72). From the regression of the average additive genetic merit in the year of birth of the animals, it was found that the averaged genetic values of the animals for HW24 showed a genetic trend near zero (-0.0008cm/year), and the averaged genetic values for W24 showed a negative trend of -0.38 kg/year.
Introduction
The equines used in the Brazilian Army today are mostly used for mounted patrols and guard, participation in military ceremonial parades, honor guard and escorts of authorities, military education in schools of officers and soldiers, besides sports activities such as jumping, polo, and dressage, and for these purposes, adequacy of some traits by selection is necessary.
Estimates of heritability are important tools in genetic improvement programs because they allow estimating how much of the phenotypic variation in the trait is due to additive genetic effects, as well as the expected genetic gains and the genetic values of individuals of a population. However, for this purpose it is necessary to select an appropriate statistical method that best reflects the biological behavior of the traits studied. In this context, several procedures for variance components estimation have been proposed for application in animal breeding (Faria et al., 2007) .
According to Gianola et al. (1994) , if frequentist methods, such as the Restricted Maximum Likelihood (REML) are used, only punctual genetic variance estimates are obtained. The Bayesian approach, in addition to punctual estimates, allows determining intervals of credibility for a posteriori distribution of the variance component, without approximations or use of normality assumptions, and thus is more advantageous than the frequentist procedures (Falcão et al., 2009) .
The selection usually practiced in equine species is based on subjective criteria and on the experience of the breeders, which indicates the existence of evidences that important characteristics of equine species have been altered over the generations (Bergmann et al. 1997) , such as the decreasing size of the animal as a whole in ponies or the increasing height in sports horses. One way to scientifically examine the results of a selection program would be by means of the genetic trend of the population regarding the trait of concern. In this study, the genetic progress over time was examined by using the mean regression of the genetic merits of all animals of the population as a function of the birth year (Klemetsdal, 1990) .
The objective of this study was to compare the magnitude of the genetic parameters (coefficients of heritability and genetic correlation) estimated by the Restricted Maximum Likelihood method and by Bayesian Inference, and estimate the genetic and phenotypic trends for the traits of height at the withers and weight of 24-month-old equines of the Brazilian Army.
Material and Methods
The database used for this experiment was supplied by Coudelaria de Rincão (or Rincão Stud Farm), a military organization that produces horses for the Brazilian Army, located in the municipality of São Borja, west of Rio Grande do Sul, Brazil (28°44'29"S and 55°34'48"W). The original database was constituted of records for the characteristics of height at the withers and weight at 24 months of age of 1,475 animals of the breeds Brazilian Showjumper, Breton, Hanoverian, English Thoroughbred, and a group of animals of no defined breed, born in between 1996 and 2007, which constitute the current population. Data were assessed for consistency of the records, and seven years of records of births were disregarded in this process for not having information on breed and gender. To organize the file of study, two birth seasons were created: the first (season 1) comprised the period from March to August, with 30 animals, and the second (season 2) from September to February, with 489 animals, as a consequence of the reproductive physiology of the mare, which is photoperiod positive.
To verify the effects of the gender, coat, genetic group, birth year, and season variables for the traits studied, an analysis of variance was performed, and those with statistically significant effect were included in the contemporary groups, which consisted of the animals of the same genetic group and same birth year and season. Information with less than three animals per contemporary groups was discarded, so the genetic groups of the Breton, Hanoverian, and English Thoroughbred breeds were deleted from the database.
In the study file, records of height at the withers and weight measured in 519 24-month-old animals of the Brazilian Showjumper and no defined breeds, born from 251 mares and 39 stallions (16 Brazilian Showjumper and 23 animals of no defined breed) in the period of 2003 to 2007, forming a relative matrix of 809 animals, remained.
Estimation of the variance components required to estimate the genetic parameters and predict the genetic values of the animals was performed by the Derivative-Free
Restricted Maximum Likelihood method (REML) and Bayesian Inference.
The REML method was used with the computer program MTDFREML (Multi Traits Derivative Free Restricted Maximum Likelihood) described by Boldman et al. (2001) , and the criterion for convergence assumed was when the logarithm of the likelihood ratio was lower than 1×10 -9 . The animal model used to obtain genetic parameters, in a bitraits analysis, described in matrix form, was the following: Y = Xβ + Z 1 a + e, where Y = vector of the observations of each trait -Weight and Height at the withers; X = incidence matrix associated with the fixed effect of the CG; β = vector of solution for the fixed effect; Z 1 = incidence matrix associated with the direct additive genetic effect of each animal; a = vector of solutions for the random additive direct genetic effects; e = vector of wastes.
The Bayesian method was the second method used to estimate the variance components, and for this purpose, the computer software GIBBS2F90, developed by Misztal (2007) , under the animal model described above, in a bitraits analysis was used. The authors generated chains of 600,000 Gibb iterations with discard of the first 300 iterations (burn-in), in order to minimize the effects of the first values. To ensure the independence of the samples, a sample interval every 200th iteration was considered. After processing the analyses in GIBBS2F90, estimates of heritability, genetic correlation, and the credibility region were obtained using the software SAS (Statistical Analysis System, version 9.2).
The burn-in period (number of iterations that should be thrown away), the chain length and the minimum distance between one iteration and another were determined by the method of Raftery & Lewis (1992) . Convergence was tested by using the criteria proposed by Geweke (1992) and Heidelberger & Welch (1983) . Software R (version 2.12.0), with some routines of the Bayesian Output Analysis (BOA) package, was used to calculate the statistics of Raftery & Lewis (1992) , Geweke (1992) and Heidelberger & Welch (1983) . The serial correlation was checked by the software GIBANAL (Van Kaam, 1998) .
The genetic trend for the traits under study was calculated by the mean regression of the genetic values, weighted by the number of observations, on the year of birth. The procedure used was PROC REG, of the software SAS (Statistical Analysis System version 9.2), with the following mathematical model: Y i = b o + b 1 x i , where Y i = genetic value for the traits examined (height at the withers and weight) and ith year of birth; b o = intercept; b 1 = coefficient angle of the line; x i = ith year of birth. To estimate the phenotypic trend, the same procedure was used, with animals studied was limited to the grandparents. On the other hand, this value can be justified by the use of breederassisted mating and introduction of stallions of other populations as well as the semen from different breeds of the herd. These procedures 1 were adopted in order to obtain animals that would fit the physical trait desired by the Army, with height above 1.60 m.
The heritability for the weight at 24 months (Table 2) , estimated by the REML method was 0.38, i.e., lower than that found for a population comprised by Quarter horse, Mangalarga, and Arabian breeds animals (Faria et al., 2004) and for Brazilian Showjumper and animals of no defined breed (Campos et al., 2007) .
The coefficient of heritability estimated for the height at the withers, 0.52, obtained by the REML method (Table 1) was similar to those found for the Mangalarga Marchador and Mangalarga breeds (Zamborlini et al., 1996 and Mota et al., 2006, respectively) , and nearly 27% lower than that estimated for the Campolina breed (Santos, 2006) . Such differences in heritability between the breeds/herds can be explained by different environmental effects on each population, depending on the animals breeding region, because the smaller the adverse effects of the environment on the traits studied the greater the additive effect of the genes.
The magnitude of the heritabilities estimated for the traits studied in this population suggest that it is possible to obtain genetic gains by mass selection.
The average heritability estimated by Bayesian Inference to HW24 was 0.47, and it was lower than that obtained by REML bi-trait analysis (0.52); however the value estimated to W24 (0.39) was higher than that obtained by REML bi-trait analysis (0.38). These results corroborated those reported by Magnabosco et al. (2003) , who found higher estimates produced by the Bayesian Method than those the means of the phenotypic values of height at the withers and weight, weighted by the number of observations, in the year of birth.
Results and Discussion
The analysis of variance (Table 1) showed that the effect of the gender of the animal on weight and height at the withers at 24 months of age was not significant, unlike what was found in the literature for English Thoroughbred (Thompson & Smith, 1994) and Pantaneiro horses (Santos et al., 2007) , in which males usually showed lower growth rates than females. However, Green (1969) , when evaluating the growth of English Thoroughbred foals from birth through 12 months of age, did not find difference between the genders regarding the height measure at the wither, which may be a trait of the English Thoroughbred, according to the author, and Campos et al. (2007) also found no significant difference between the gender of all horses of the Brazilian Army.
The birth season showed significant effect on the two traits examined; according to Mota et al. (2010) it is possible that animals born in late winter are from mares that just entered the reproduction period and conceived at the beginning of the mating season and, therefore, were in good nutritional and health conditions, providing better prenatal and postnatal environments for their offspring.
Although inbreeding has been widely used in the formation of most equine breeds in order to establish some desirable traits and/or influences of some ancestors in progenies (Wagoner, 1978 apud Abrahão et al., 2002 , in this population, of the total of 1,475, only 13 were inbred, with an average inbreeding coefficient of 0.125%. However, this figure cannot reflect the real inbreeding levels of the herd under study, since the genealogy of most of the obtained by the REML method in bi-trait analyses, for the Nellore breed; Lôbo et al. (1997) , for the same breed, found higher values for average heritability by the Bayesian method than the punctual estimation produced by the REML method. The heritability estimates obtained by Prado & Mota (2008) regarding the height at the withers trait for Mangalarga horses (0.63) was higher than that found in this study.
The a posteriori mean of the genetic correlation (Table 3 ) between the weight and the height at the withers at 24 months of age was positive and with high magnitude (0.66). Such estimate indicates that the selection to increase the height at the withers in the long run should lead to increased weight. This also indicates that most of the additive genes acting in the expression of these traits are common.
The estimated genetic correlation between the traits of weight and height at the wither was 0.72 by the Bayesian method and 0.66 by the REML method, indicating that the selection for weight reduction will provide correlated response at the height at the wither, reducing it, contrarily to the objective of the selection that aims to increase it. Thus, to minimize this problem, at the moment of selection, among the stallions with greater height, low-weight ones should be chosen. The estimate obtained by the REML method is higher than that reported by Faria et al. (2004) for Quarter horse, Mangalarga, and Arabian foals (0.37) and by Campos et al. (2007) , for the Brazilian Equestrian (0.49), and for the animals with no defined breed (0.55).
The a posteriori distribution is the most complete description of all information available on the parameter; in this case, the heritability (Winter, 2005) . The asymmetry with predominance of high values can be seen by a posteriori distributions of the heritability estimates (Figure 1) .
The a posteriori distributions of heritability show that the trait height at the withers presented more homogeneous values regarding weight, consistent with the coefficients of variation of the heritability figures, 24.42% for height and 31.62% for weight.
From the regression analyses of the additive genetic merit on the year of birth (Figure 2) , it is possible to see that the average of the genetic values of the animals regarding height at the withers at 24 months showed a slight downward trend over the years, with nearly nil genetic trends. The average genetic values of the animals regarding weight at 24 months fluctuated throughout the years and presented negative genetic trend of -0.14 kg/year. The Coudelaria do Table 3 -Descriptive analysis of the variance components of height at the withers and weight at 24 months of age obtained by Bayesian Inference Figure 1 -A posteriori density distribution for heritability estimation of the height at the wither and weight at 24 months of age.
Rincão selection purpose is to obtain taller and lighter animals with more athletic size. Thus, one of the criteria used to reduce weight was the decreased utilization of larger Hanoverian horses, which are the basis of formation of Brazilian Showjumper and animals of no defined breed. In the past, smaller females were used in this population for breeding, and today, taller ones are used (1.61 m), and the same procedure 2 was adopted for stallions, which, in the past, had an average height of 1.63 m, which today is 1.69 m. However, the period of time studied (2003 to 2007) was not sufficient to promote increase in the stature of the population. The literature available on the genetic tendency of the traits observed in equines is scarce. Costa et al. (2001) , for Brazilian pony breeds, reported estimates of genetic trend favorable to the reduction of height at the withers, a decrease of 0.075 cm for each year of recordings; regarding the hip, there was a slight reduction, 0.023 cm in the 25 years of recordings, showing that the criteria utilized for selection are promoting genetic progress in reducing such traits, since the more valued animals in the market are the smaller ones.
The phenotypic trend in the height at the withers at 24 months of age showed a slight increase of 2 mm/year (Figure 3) , despite the genetic trend to be nearly nil, as a consequence of no expression of the actual genetic potential of the animals. Regarding weight at 24 months, the phenotypic trend was positive (5.06 kg/year), disagreeing with the results of the genetic trend, which suggests that the selection of the animals would reflect weight decrease, though insignificant. Such weight increase estimated by the phenotypic trend can be explained by a higher nutritional attention given to the animals in this growing stage, providing their maintenance and growth needs, and thus enabling animals to have more weight at this age over the years. On the other hand, Costa et al. (1998) , studying Brazilian breed ponies, observed a favorable phenotypic trend, with reduction of almost all linear measures over the years. 
Conclusions
The values of the genetic parameters obtained by the Restricted Method of Maximum Likelihood were lower than those estimated by the Bayesian approach. Advantages were found with the Bayesian method because it enabled punctual estimations and credibility region of the parameters, besides a more appropriate exploration of the data framework. The estimated coefficients of heritability suggest that the phenotypic selection can allow for genetic gains and, therefore, it can be used in this population to increase the height at the withers at 24 months of age and also to reduce the weight of the animals at this age; however, the high and positive genetic correlation between them indicate that special care must be taken in the selection procedures to increase the height without increasing too much the weight at 24 months of age. The genetic trends obtained for the traits studied, near zero, show that the selection has promoted a slight reduction in the weight of the animals at 24 months; however, it did not promote increase in the height at the withers at the same age in this population.
